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MOLECULAR SPECTRA AND HALF-QUANTA 
BARKER 






By E. F. 





ABSTRACT 
Theoretical relations between half-quantum numbers and band s pectra.—Half-quantum 
numbers designating steady states of molecular rotation have been introduced in 
several recent discussions of band series. Only integral transitions are considered, but 
the lowest steady state is assigned one-half quantum of angular momentum. This 
minimum motion may be attributed to the coupling between molecular and electronic 
rotations. An effect analogous to the Stark effect for line spectra has been shown by 
Hettner to depend upon the proper choice of quantum numbers for the band series, 
| is here suggested as a criterion for distinguishing between integral and half-quantum 
alues rhe general modification of the spectrum is of the second order and cannot 
be observed, but if integral numbers are assumed, one line should show a first-order 
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Experimental evidence-—An absorption cell confaining HCl between plates of 
platinized quartz 1 centimeter apart was subiected toa field sufficient to spark across 
a gap of 8 mm in air between 1t-inch balls. No change in the absorption spectrum 
was detected. This experiment therefore supports the hypothesis of half-quanta. Other 
facts pointing in the same direction are the single missing line at the band center for 
HCl, and the position of the zero branch for CH. 














In a very complete analysis of the spectra due to molecular 
nitrogen, Kratzer’ has shown that the constants characterizing the 





various band series are much more consistent with one another 
when half-quantum numbers instead of integers are employed to 





describe the rotation states. A similar designation of quantum 






states for certain infra-red band spectra of the simplest type had 






previously been suggested by Einstein? to account for the fact that 






t Annalen der Physik, 67, 127, 1922, Munich Academy, March 4, 1922. 


? Cf. Reiche, Zeitschrift fiir Phys: 
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a single line is missing at the band center. More recently Kramers’ 
has discussed the subject in some detail, and Curtis? has shown that 
the bands of helium apparently form two types, one of which 
involves half-quantum numbers. In each case, of course, the 
transitions are integral; no partial changes of state have been 
observed. 

Planck’s hypothesis in its second form involves a distribution 
of the molecules within the phase space such that the average action 
for all those below the one quantum level is exactly one-half. the 
probability of the rotationless state being zero. Thus the half 


bability distribu- 


steps might be attributed to the characteristic ] 
tion inherent in the quantum hypothesis, rather than to the 
peculiar structure of certain molecules. Such an interpretation 
is not wholly consistent with other phases of quantum mechanics, 
however, and fails to explain the two types of band series in He. 
Both Kratzer and Kramers have preferred to attribute the angular 
momentum characteristic of the lowest state of molecular rotation 
to a coupling between the motion of the system as a whole and 
that of the electrons within it. 


Sometime ago Hettner* suggested a test for the Sommerfeld 


Bohr method of defining stationary states, which now becomes 
especialy significant as a means for distinguishing bet » the 
two possibilities with respect to the choi f rotational quantum 
numbers for /H¢ It involves the moditications to be expected 
in the absorption band when the absorbing gas is subjected to an 
intense electri field, and is thus analogou I L otark ettect On 
the supposition of discrete stationary states of rotation. det! ned by 
integral quantum numbers, Hettner showed that for polar molecules 
a transverse electric field should introduce precessional motions 
with resulting displacements of the enere vels. Each line in 


the band series would thus be resolved into two or more components, 
usually lying close together, and more or less symmetrically dis 


tributed about the position corresponding to zero field. A possible 


i 


indication of such resolution has been found in the visible bands of 
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nitrogen,’ but for observations in the infra-red the definition is so 
poor compared with that obtained photographically that there 
would be little hope of observing this general effect. For one 
particular line, however, a relatively large and very characteristic 
modification is predicted. If there occurs a transition correspond- 
ing to the change 1>0 in m, the molecule in its final state would 
be lined up with the field and there would be no precession. In this 
case the two energy changes (from initial states with precessions in 
either of the two possible directions) would each be larger than that 
corresponding to the normal transition with zero field, and their 
difference would also be relatively large. As a consequence, the 
first line on the low-frequency side of the band center should be 
separated into two components, both being displaced from the 
normal position toward longer wave-lengths. Hettner computed 
the displacement to be expected for HC/, assuming an electric 
moment equal to the product of the electronic charge by the distance 
between nuclei as determined from the moment of inertia, and a 
field intensity of 50,000 volts per centimeter. He found it to be 
nearly half the normal separation of lines in the band, and hence, 
under these conditions, easily observable. 

Some months ago the writer, then a Fellow under the National 
Research Council, undertook to investigate this effect experiment- 
ally. The results were not published at that time since they 
proved to be negative, and it was felt that, in the absence of an 
adequate explanation, further observations should be attempted 
with larger and more precisely determined field intensities. The 
problem of maintaining intense and fairly uniform fields across an 
absorption cell of rather large dimensions containing gas at atmos- 
pheric pressure is a somewhat difficult one, and the data which 
have been obtained can hardly be considered as more than pre- 
liminary. It appears, however, that if Hettner’s hypothesis were 
correct, some slight effect should have been observable under the 
conditions employed, even though his assumed value for the 
electric moment is probably much too large. On the other hand, 
if the rotationless state is an impossible one, the lowest quantum 
number being one-half, precessions will always appear when the 


t Datta, Astrophysical Journal, §7, 114, 1923. 
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gas is subjected to an external field. The energy differences 
between states will then differ from those corresponding to zero 
field by small positive and negative amounts, and the various 


lines of the series will be separated into narrow groups. The 
integral effect appearing in the absorption curve, where these | 
groups cannot be resolved, may depart only imperceptibly from 
the normal, and an analysis of the band under the influence of 
the field thus yield negative results. In particular, the two 


lines adjacent to the band center would be correlated with the 


E 6 
2 4 
ae | / 
Ir Central rt 1 ol e [1 ibsor { 
and f. Field alternately on and off, ordinat lisplaced upward 
same transition (33 or 3!) and no unsymmetrical displace 


ment of one of them should be observed. This is ( ntirely in accord 


with experimental results, a few of which are shown in Figure tr. 


The apparatus employed is the same as that previously de- | 
scribed,’ except for the absorption cell. This consists of a bakelite 
box with mica windows, inclosing two plane parallel electrodes 
of platinized quartz 1 centimeter apart and 2 centimeters wide. 
The edges of the electrodes are rounded, and the windows 
placed about 2 millimeters from them to avoid leakage across the 


mica surfaces. ‘The chamber is connected with a reservoir consist- 


ing ofa large deflated rubber balloon, so that the windows are not 


t Barker, Astrophysical Journal, 55, 391, 1922. 
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deflected by changes in pressure. The field applied was sufficient 
to produce a spark in air across an alternate gap of 8 millimeters 
between smooth r-inch balls. Even with this field a brush dis- 
charge sometimes occurred within the cell. The grating was ruled 
with 7200 lines per inch in the echelette form, upon a surface 
of copper nickel alloy, with an effective area of 4 by 6 inches. 
Deflections of over 100 millimeters are obtained at 3.5 wu. Absorp- 
tion curves were taken with the field alternately on and off, the 
position of the cell remaining unchanged. Since the absorbing 
gas was not subjected to a uniform field, a complete separation of 
lines into their respective components could not be expected; there 
is, however, no indication of a widely displaced component on the 
low-frequency side of —1, and indeed no observable broadening of 
any of the lines. This may, of course, mean that the field obtained 
was insufficient, or that the predicted values of the displacements 
were very much too large. It seems, however, that a slight distor- 
tion of the curve should have been detected if any distinctly unsym- 
metrical resolution had occurred. As a check upon these observa- 
tions the spectrometer was set at the maximum of the line —1, 
and a number of observations taken with the field alternately on 
and off. No lowering of the absorption could be detected. Simi- 
larly, no increase in absorption occurred at the minimum position 
between —1 and —2. The spectrometer was then set for a point 
where the slope of the curve is greatest on the low-frequency side 
of —1, and where a very slight shift of the line would make a rela- 
tively large change in absorption. Observations here showed 
no noticeable effect. ‘These results seem to be in agreement with 
the hypothesis of half-quanta for rotation. 

It may be remarked that other experimental facts point in 
the same direction. The absence of a single line at the band 
center, instead of a pair as predicted by Reiche, is thus most simply 
explained. When integral values are assigned to m we must 
suppose that the transition o>1 does not occur in absorption, but 
that 10 is permissible. Observations show, however, that the 
lines +1 and —1 are of almost equal intensity, which is hardly 
consistent with the idea that the final state for one of them is an 
abnormal one (see Fig. 2). As Kratzer has pointed out, if half 
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quanta are used, both these lines may be correlated 
pair of rotation states. » and 3, and the missing |i 


correspond to a reversal jj 
without chanw In energy of rotation, an effect not 


as a result of simple absorption. 


Infra-red band series of this type with a single a] 


been observed lor the hydrogen halides. 
methane.? In the latter case the intensity 
lines is the only criterion. since the band center is 
intense absorption due to the unresolved zero bran: 
pletely hides the line I also. Phe pre sence of this 
of particular interest, howev: r, in the determi 


It probably originates in Vibrational tray 


sitions 


by changes in m, and its 
aimost normally;? hence f 
tion between the lin: . 
lie midway between the two li 


] 


half-values of m thi frequency v, coincides wit] 


1 


line, and the first line Ot 1 


would have very nearly the same position,  ¢ 


observations on the CH, band at 2. uM, employing re 
tures in order to suppress that part of the zero branch . 
to higher quantum numbers. The maximum of the 


portion is thus displaced toward higher frequencies, 


approac hes the band center rather than a position mid 
it and the line -I, 
r ( ooley, Py wR » al 
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When fractional numbers are thus admitted for the designa- 
tion of stationary states, the question at once arises as to whether 
or not particular fractions only are permissible, and what it is that 
determines their values. An answer to the latter question must 
await the development of a satisfactory hypothesis concerning the 
electron configurations within the molecules in question. Kratzer 
suggests that the doublets observed in the nitrogen bands may be 
due to a slight departure of the m values from exact halves. 
(here is no indication of such doublets in the spectra of HC/ or of 
(77, although in each case the series have been observed out to 
the twentieth term on each side of the center. It follows that m 





must assume values either almost exactly integral or almost exactly 
halfway between the integers. It is interesting that all the mole 

cules for which infra-red band series of the half-quantum type 
have been identified belong to the class involving a single octet 


structure, as does NV, also, according to Langmuir. Thus the whole 
electron group of each is a unit in the same sense as it is for the 


neon or argon atom. 


UNIVERSITY OF MICHIGAN 














FOCAL CHANGES IN MIRRORS! 
By EDISON PETTII 


ABSTRACT 





Method of t ) hay m omurrop [he mirrors were 1 inted on the 
coelostats of the 1s0-foot tower, the foot tower, and the St orizontal telescope 
and exposed to tl sun Phe position of the focused image of the n was determined 
at intervals over.a period of several hours by means of a card moved along a scale. 
Each pair of mirrors was tested on three or more days and t mean curve drawn. 
Both long-focus lenses and concave mirrors were used to project the image The 
observed focal chang« are all reduced to the scale of the oot tower tele ope tor 
comparison 

hanges observed.—Seven pairs of plane mirrors of crown glass, pyrex glass, 
and speculum metal, and of varying thickness were us vit nd thout cooling 
systems The smallest changes observed were with the speculum-metal and the pvrex 
glass mirrors. For the first hour of exposure the rate of change in the pvrex mirrors 
is about the same as in the thick crown-glass mirrors of the tower ifter which it 
ceases entirely and the focus remains constant during subse nt expo re to the sun 
rhe speculum-metal mirrors show the same phen slightl ler focal 
change. The effect of wind blowing on the mirrors is to reduce and even to revers« 
the march of the focal plane 

Vature of changes in figure of min All t mirrors tested 
glass mirrors of the Snow telescope coelostat and tl lun 
concave on exposure to tl in. Thisisan anomaly di It to explai on vuld 
expect a convex figure to rt ilt fror the linear expansio1 tt I exposed to 
the sun. 

Seeing condition rhe seeing conditions at the ot t r were found to be 
greatly superior to those at the Snow horizontal tek 


One of the principal difficulties encountered in solar investiga- 
tions is occasioned by the focal changes taking place in the image 
projecting apparatus when the fixed form of telescope is employed. 
These changes of focus, due to the exposure of the mirrors to solar 
radiation, are often accompanied by other optical disturbances. 
It is the object of the present investigation to compare systems of 
mirrors in order to determine their relative merits. 

Seven mirror systems were employed as follows: (1) The 150- 
foot tower telescope; coelostat mirror 20 inches in diameter, fixed 
mirror 16 inches in diameter; both mirrors of crown glass, 12 inches 
thick, and provided with jackets through which a stream of kerosene 
is forced. A 12-inch lens of 150 feet focal length forms the image. 
(2) The same system as above without the kerosene pump in opera- 
tion. (3) The same system with the crown-glass mirrors replaced 


* Contributions from the Mount Wilson Observatory, No. 
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by two mirrors of pyrex glass, 12 inches in diameter and 2 inches 
thick. ‘The kerosene cooling system was not used. (4) The 60- 
foot tower telescope; coelostat mirrors of crown glass 17 inches 
in diameter, fixed elliptical mirror 13X22 inches; both mirrors 
12 inches thick. A 12-inch lens of 60 feet focal length forms the 
image. 5) The Snow horizontal telescope; coelostat mirror of 
crown glass 30 inches in diameter, fixed mirror 24 inches in diameter; 
both mirrors 4 inches thick. A concave mirror 24 inches in diam- 
eter and 4 inches thick, of 60 feet focal length, forms the image. 
6) The same system as in (5) with crown-glass mirrors replaced 
by mirrors of speculum metal. The coelostat and fixed mirrors 
were 10 inches in diameter and 13 inches thick. A concave mirror 
6 inches in diameter and 14 inches thick, and of 60 feet focal length, 
was used to project the image. (7) Mirrors 12 inches in diameter 
and 1 inch thick, used in both the 150-foot tower and the Snow 
telescope. 

The method of observing was very simple. The coelostat was 
directed upon the sun and the focal position of the sun’s image 
determined by means of a white card moved along a fixed milli- 
meter scale. Three readings were made for each determination 
of focal position for a given instant. For the instruments of 60-foot 
focus, with seeing rated at about 4 on a scale of 10, the deviation of 
a single reading from the mean was only 4 or 5mm. Quite as good 
settings could be made on the limb as on a small spot. The scale 
readings, plotted against the times of observation, represent the 
march of the focal plane. 

Since projection systems of two focal lengths were used in observ- 
ing the focal changes in the various mirror systems, the observed 
focal changes were all reduced to values corresponding to a projec- 
tion system of 150 feet focal length by the well-known reciprocal 
equation. Since the mirrors are sensibly flat at the beginning of a 
series of observations, the values of the focal distance of the image 
may be obtained by applying the scale readings to the focal length 
of the projecting system. 

The curves of the focal change plotted against the time, for the 
seven systems described here, are given in Figure 1. Each of these 


curves is the mean of three to five series of observations on as many 
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different days, so chosen that atmospheric conditions were nearly 
the same. As most of the observations were made in September 
and October, they may be taken as fairly representative of the best 
observing conditions of the year on Mount Wilson. 

Ihe curves are numbered according to the descriptions of the 
mirror systems given above. ‘The unit for the ordinates is r centi 
meter of focal change; for the abscissae, 1 hour of time. Positive 
ordinates indicate that the focal length is greater than that given 
by flat surfaces. 

Several points are significant. The mirrors of the 150-foot and 
60-foot towers, which are 12 inches thick, change focus more than 
a centimeter per minute continuously for about 4 hours. The effect 
of the cooling system is to decrease this rate to one-half centimeter 
per minute, but this change continues for more than 6 hours. The 
rate of focal change in the pyrex mirrors for the first hour is about 
the same as that in the thick crown-glass mirrors of the towers. The 
focal change then ceases entirely and the focus remains practically 
fixed for a period of more than 6 hours. These mirrors are less 
affected by temperature changes than any others tested, except 
those of speculum metal, and should be valuable in eclipse work as 
well as in the routine solar observations. 

With the exception of the crown-glass mirrors of the Snow 
telescope, and the speculum metal mirrors (6), the focal length of 
all those tested decreases with continued exposure. Hence the 
mirrors become concave when exposed to the sun. This is an 
anomaly difficult to explain, since one would suppose that the 
heated side of a poorly conducting substance like glass would 
become linearly larger than the unheated side and hence convex 
on the heated side. This, however, is not the normal behavior. 
That the observed effect cannot have anything to do with the form 
of the optical system or projecting apparatus, i.e., whether the 
image-forming device be a concave mirror or lens, is shown by the 
fact that the 12X1-inch mirrors gave the same results when used 
in the 150-foot tower with a lens-projecting system, when used in 
the Snow horizontal telescope with mirror-projecting system, and 
when used in the Snow telescope with the 150-foot tower lens in 


place of the concave mirror. ‘The 30-inch Snow coelostat mirrors 
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gave sensibly the same results, whether the concave mirror or 150- 
foot focus lens was employed to form the image. In addition it is 
obvious that the rate of focal change and its direction are not 
dependent on the thickness of the mirrors employed, since the 


crown-glass mirrors of the towers, which are 12 inches thick. were 
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subject to focal changes of the same sign but of smaller rate than the 
crown-glass mirrors 12 inches in diameter and 1 inch thick, while. 
on the other hand, the Snow coelostat mirrors, which are of crown 
glass, are subject to focal changes of the opposite sign 

The effect of a cooling system in reducing the rate and maxi 
mum value of focal change is shown in curve 1 in Figure 1. That 


much the same result can be obtained by forcing a current of air 
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over the mirror has been pointed out by Mr. Hale.’ The effect of 
the wind blowing over the mirrors is shown in Figure 2. Here the 
full-line curve shows the observed focal changes in the Snow coelo- 
stat hour by hour on October 17, 1921. The scale of focal change 
in centimeters is on the left. The broken curve represents the 
corresponding observed wind velocities, the scale of velocity in 
miles per hour being on the right. It will be noted that the effect 
of increased wind velocity is to reduce and even reverse the sign 
of the focal changes. 

If we assume, for the extreme case of the two thin mirrors 12 X1 
inches, that both are equally affected, it can be shown that they 
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Fic. 3.—Comparison of seeing conditions at the 60-foot and 150-foot tower tele- 


scopes. Ordinates: seeing, on a scale of 10; abscissae: Pacific Standard Time. 


become concaves of 737 meters focal length, corresponding to an 
observed focal change of 5 meters at the 150-foot tower telescope. 
In most cases, after an exposure of several hours, the mirrors show 
a tendency to return to flat surfaces, indicating an approach to 
a uniformly heated condition. 

The use of pyrex or speculum-metal mirrors has not only the 
great advantage of restricting the focal changes to small values and 
confining them to a period of about an hour after exposure, but also 
the accompanying advantage of reducing the astigmatism of field. 
This astigmatism is caused by the fact that the incident beam of 
light strikes the mirrors, curved by exposure to the sun, at large 


t Mt. Wilson Contr., No. 4; Astrophysical Journal, 23, 6, 1905. 
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angles to their optical axes. This may be a seriously disturbing 
factor when the sun is observed at large hour angles. 

While making the observations for focal change at the Snow 
horizontal telescope and the 60-foot tower telescope, which are of 
the same focal length, the atmospheric conditions were directly 
compared. Figure 3 shows the mean values of the seeing on a scale 
of 10 plotted against the time. The observations were made 
alternately at the tWo telescopes and are thus directly comparable. 
The superior definition of the 60-foot tower is apparent. 


NOTE ADDED SEPTEMBER 21, 1923 


As a result of the experiments described here, full-size pyrex mirrors have 
been obtained for the 150-foot tower. The coelostat mirror is 20 inches in 
diameter, the fixed mirror 16 inches in diameter; both mirrors are 4 inches 
thick. The position of the focal plane shows little change for the first hour 
after exposure of the mirrors to the sun, the remainder of the curve of focal 
change being essentially that given for the smaller pyrex mirrors in Figure 1, 
curve 3. The maximum focal change observed is 60 cm. 


Mount WILSON OBSERVATORY 
May 15, 1923 














THE RADIAL VELOCITIES OF LONG-PERIOD 
VARIABLE STARS' 
By PAUL W. MERRILL 


ABSTRACT 


Radial velocity observations of 112 long-period variables and five irregular variables 
have been secured at Mount Wilson since 1919 in continuation of the program begun 
at Ann Arborin 1913. The observing list consisted of Md variables having maximum 
magnitudes brighter than 9.0. Most of the stars were observed only near the time of 
maximum. The instruments employed were one-prism spectrographs having a disper 
sion at Hy of 36 A permm. They were attached to the 100-inch Hooker telescope or 
the 60-inch telescope. 

Measurements of the spectrograms were made by the usual method of micrometer 
bisections of the lines. The emission-line velocities depend largely upon Hy and Hé, 
but several other lines were used when available (Table I). The absorption-line 
velocities are based primarily upon the low-temperature lines of several metals. The 
wave-lengths were revised and additional lines added from measurements of about 
50 stellar spectrograms, the new list (Table I]) being used throughout. Mount Wilson 
neasurements of the emission-line velocities for 112 stars and of the absorption-line 
velocities for 43 stars are given in Table III. 

Discussion of results for individual stars —Velocities at different maxima are prob- 
ably the same within errors of measurement. A slight variation of emission-line 
velocity with phase is shown by R Leonis, R Virginis, X Ophiuchi, x Cygni, T 
Cephei, and possibly by other stars. The velocities appear to have algebraically low 
values for a month or two after maximum light. Stars measured at more than one 
observatory are listed in Table IV. Collected radial velocity data for 133 stars are 
given in Table V together with periods and new estimates of spectral type. Forty- 
seven stars have radial velocities from both bright and dark lines. The differences of 
these velocities, with other data of interest, are tabulated in Table VI. 

Statistical studies —The relative displacements of the bright lines are found to 
increase on the average with advancing spectral type and increasing period and range. 
rhe correlation with period is used for establishing an empirical correction to be 
applied to the bright-line velocities to reduce them to a dark-line basis, since the 
displacements of the dark lines rather than those of the bright lines appear to corre- 
spond to the true radial velocities. Curves showing the relationship between period and 
relative dis placement for classes Me and Se are reproduced inWigure 2. The absorption- 
line velocities, either measured directly or found from the bright lines by use of the 
curves just mentioned, are made the basis for studies of the apparent solar motion. 
rhe speed of the sun is almost three times that usually found for K and M stars, but 
the position of the apex is nearly the same. The following values are representative: 
A,= 281°; Do=+34°; Vo=53km; K=+1km; arithmetic mean residual, 31 km. 
Sixty-eight stars with residuals less than 25 km give V.=48 km, and 65 with larger 
residuals, V,=65 km. This increase in V» furnishes an excellent illustration of the 
well-known velocity asymmetry of high-speed stars. The average residual radial 
velocity is found to decrease with advancing spectral type and increasing period. Very 
high velocities are largely confined to stars of types M2e to Mse and to stars having 
periods in the neighborhood of 200 days. 

A very brief general discussion of the properties of variables which show some 
degree of interdependence, and of the general evolutionary problems concerning these 
stars, is included. 


* Contributions from the Mount Wilson Observatory, No. 264 
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INTRODUCTION 

The spectroscopic observations of long period variable stars, 
made by the writer at Ann Arbor during the years 1913-16,’ and 
at Mount Wilson since 1919, were planned with two principal 
objects in view. One was the measurement of the radial velocities 
of a considerable number of variables, upon which could be based 
a determination of the apparent solar motion and average peculiar 
motion for comparison with similar data relating to other stars. 
The possible binary character of these variables, and the interpreta- 
tion of the relative displacement of bright and dark lines,’ were, of 
course, to be considered in this connection. rhe second object 
was a study of the physical and chemical conditions which prevail 
in the long-period variables, with especial attention to changes 
which occur as the brightness varies. 

The determination of radial velocities has thus far had the chief 
place on my observing program, and has now reached such a stage 
that it seems wise to collect and discuss the available data, as they 
are sufficiently numerous to yield fairly satisfactory results for 
several statistical inquiries. Should further observations of veloc- 
ity be undertaken, the present discussion will serve to suggest how 
the work may most profitably be extended. The emission lines 
of many faint variables could still be observed with the Hooker 
telescope with exposure times of two or three hours. <A few rather 
bright variables remain unobserved for the reason that during recent 
years the time of maximum brightness has nearly coincided with 
that of conjunction with the sun. Moreover, numerous stars 
already observed could profitably be made the subjects of further 
study. The total number of long-period variables now listed? is 
about 600, including 150 whose periods are not definitely known, 
but which are probably long, although some may be irregular. 
The spectra of 460 of these have been recorded: 415 are of class M, 
385 having bright lines; 25 are of class N; and 16 of class S. 

Prior to 1916 the radial velocities of five long-period variables of 
classes M and S had been published. The writer’s observations 

* Publications of the Astronomical Observatory, University of Michigan, 2, 45, 1916. 

? Previously recognized by other observers in the spectrum of o Ceti and of x Cygni. 


3 Harvard Annals, 56, 197 (Table IX), 1912. 
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at Ann Arbor increased the number to 43. Since 1916 Paddock 
has reported’ the velocity of T Centauri, and the present investiga- 
tion adds measurements of 89 variables, making 133 in all. 


THE OBSERVATIONS 

The observing program for the present investigation, as well as 
that for the previous work at Ann Arbor, was based on the list of 
variables in Harvard Annals, 56, 197 (Table IX), 1912. It included 
Md variables having maximum magnitudes brighter than 9.0. 
There are 264 such objects in the Harvard list, of which 201 are 
north of declination — 30°; over the whole sky 122 Md stars with 
maximum magnitudes of g.o or fainter are known. 

The formation of the program for each night’s observation has 
required much more attention than would ordinarily be necessary 
in the investigation of a group of stars of a certain spectral type. 
The faintness of these variables during the greater part of their 
light-cycles made it essential that nearly all of them be observed 
within a few weeks of the maximum phase, and after a few dozen 
of the brighter variables had been observed and eliminated from 
the program, the number available for observation on a particular 
night was often surprisingly small. 

The predicted times of maximum in Harvard Circulars, Nos. 
212, 220, 222, and 227, served as a general guide for the selection 
of stars for each night’s work. As the light-curves are not uniform, 
however, the actual time of maximum is likely to deviate somewhat 
from the predicted time, and, moreover, the maximum brightness 
often differs very considerably from the average maximum value. 
Accordingly, in order to make spectroscopic work with the large 
reflectors as effective as possible, it was necessary to rely on a con- 
siderable number of current magnitude determinations. Usually 
it was not feasible for the writer to make these at Mount Wilson, 
but at the suggestion of Professor Bailey a very satisfactory arrange- 
ment was made by which predicted magnitudes of selected stars 
were sent each month from the Harvard College Observatory. 
These predictions were by Mr. Leon Campbell from current obser- 
vations made at Cambridge and by members of the American 


Lick Observatory Bulletins, 9, 68, 1917 
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Association of Variable Star Observers, which is rendering highly 
important service by systematic observations of a large number of 
long-period variables. The photometric data in Table III were 
also supplied by Mr. Campbell. It is a pleasure to express my 
thanks to Professor Bailey, Professor Shapley, and especially to 
Mr. Campbell, for their kind co-operation, which greatly facilitated 
the present investigation. 

Practically all of the radial-velocity observations in the present 
investigation were made with two single-prism spectrographs hav- 
ing camera lenses with focal lengths of 18 inches. One of these, 
which has been described by Mr. Adams,! is attached at the Cas 
segrain focus of the 60-inch reflector, and the other, which has 
nearly the same optical dimensions, is attached at the Cassegrain 
focus of the roo-inch Hooker reflector. The dispersion at various 
points in the spectrum is as follows: at H8, 56.6 A per mm; at 
Hy, 36.1 A per mm; at H6, 28.2 A per mm. Nearly all of the 
photographs were on the Seed 30 emulsion. The slit-width was 
usually 0.05 or 0.06mm. In connection with the 4o-inch colli 
mator lens this gave a satisfactory degree of purity. 

With the Hooker telescope, spectrograms can usually be 
obtained in not more than half the time required with the 60-inch 
telescope. The importance of this gain in speed lies not so much 
in the reduction of the total exposure time on a long program as 
in the fact that most of the long-period variables are bright enoug 
for observation during only a few weeks of each year, and must 
often be photographed, if at all, at large hour angles with exposure 
times not exceeding one or two hours. 

As is well known, the color of the long pr riod variables is orange 
or red; the color-index of the Md stars is usually taken as 1.8 
magnitudes. Compared with the visual brightness, the blue and 
violet light is very weak, and the continuous spectrum to the violet 
of 4500 is relatively difficult to photograph. On many plates 
only the bright hydrogen lines Hy and H6 are measurable, these 
lines usually being so strong that they can be photographed in 
5 to 20 per cent of the time required for the adjacent continuous 
spectrum. The bright Hy and H6é lines of a tenth-magnitude star 


t Mt. Wilson Contr., No. 59; Astrophysical Journal, 35, 1 
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can ordinarily be photographed with the Hooker telescope in two 
hours or less. Stars fainter than the ninth magnitude, however, 
were seldom observed except for special reasons. Under average 
conditions an exposure of two hours on a star of visual magnitude 
g.o usually yields a plate with the bright hydrogen lines strong, and 
with the continuous spectrum sufficiently well recorded between 
\ 4500 and X 5000 to allow a good estimate of the spectral type, but 
too weak in the region \ 4100 to \ 4500 for satisfactory measure- 
ment of the absorption lines. 

I desire to express my appreciation of the efficient aid rendered 
in the observing by all the night assistants who have taken part 
init. Those who have had the largest share in the work are Messrs. 


William Klemann and W. P. Hoge. 


THE VELOCITY MEASUREMENTS 
The velocity determinations have been carried out by the 
method of micrometer bisections of the lines on the spectrograms, 
with measuring machines of the usual type. All of the plates have 
been measured twice anda small number three or four times. 
Different measurements of the same plate usually agree well. 
ltogether about 800 plate measurements have been made, 60 per 
cent of them by the writer, and nearly all of the remainder by Miss 
Florence MacCreadie, Mr. T. S. Jacobsen, and Miss Cora G. 
Burwell. An interval of at least three months was allowed to 
elapse between two measurements of a plate by the same person. 
Velocities from emission lines.—The velocities from the emission 
lines depend on the laboratory wave-lengths in Table I. The last 
two columns, which give, respectively, the numbers of plates upon 
which each line has been measured at Mount Wilson for the present 
investigation, and at Ann Arbor, show that Hy and Hé have been 
used for the velocity measurements far more frequently than any 
of the other lines. HS and H¢ have occasionally been omitted, 
even when visible on the plates, on account of poor focus. A 
spectrograph adjusted for the 3900 region and having optical 
parts more transparent in this region than those employed in the 
present investigation would give a greater relative frequency for 
the H¢ and Hy lines. 
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The bright lines offer very definite marks for the setting of the 
micrometer wire as they have been noticeably broadened in very 
few instances. ‘The agreement between individual lines is generally 
good," and the velocities for each plate are more accurate than one 
might expect from the small number of lines. Each bright line 
has as much weight for a velocity determination as four or five 
average absorption lines in the same stars. 

Velocities from absorption lines.—A preliminary table for the 


absorption lines was formed by taking the available laboratory 


TABLE | 
LA RY WAVE-I S OF | Li 
IA 
Hy» 
H 
( He 
4101.74 Hé 
1340.47 H 
4571.11 V/ S 
1801 Hg 3 


measurement of the low-tem verature line of ( l ( Px Fe, Me, 
> x 
] 


Mn, Sr, Ti, and V. After about fifty stellar plates had been 
measured, the lines which had been used less than five times were 


rejected. The velocities, residuals. and probable errors were then 
computed for the remaining lines, and the list of wave-lengths 
was further revised as follows: (1) All lines showing a probable 


error for a single plate greater than 0.10 A were rejected; (2) wave- 
lengths of the remaining lines were corrected by amounts cor- 
responding to the average residuals when these exceeded two 
and a half times their probable errors, otherwise the original lab- 
oratory values were retained; (3) lines not in the preliminary 
table, but measured on five or more plates were added if the 


probable error from a single plate was not in excess of 0.08 A. 


* Mt. Wilson Contr., No. 265; Astrophysical Journal, 58, 
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These rules obviously favor the original laboratory wave-lengths 
rather than those obtained by measurement of stellar spectrograms. 
This was thought desirable in order that the velocities might depend 
as directly as possible upon laboratory wave-lengths, and not be 
unnecessarily subject to systematic errors introduced through the 
use of wave-lengths derived from a limited number of stellar meas- 
urements. This ‘Second Revised Table of Absorption Lines,” 
containing sixty-five lines from \ 4026 to 4580, is the basis of the 
rABLE II 


WAVE-LENGTHS OF ABSORPTION LINES—CLASS M1 


1. A I r LA I t I.A Eleme 
| 8 1147.68 I j / 
\/ 1149.78 } | 
M $179 .( | 1337-5 
$034.58 Mi } 7 $344.43 Cr) 
~ | } - - ] { y = 
t $21 ‘? | U5 Ky 
») 4 é ( $379.39 (I 
{ | 1234.08 1383.64 i 
| } 54 ( $354.19 Fe, | 
| 1274 ( $350.44 I 
| J 128 I 138Q .( Fe, | 
} b 4255.0 / + 3 | 
J {20 } / $O4.o I 
J 4289.57 ( { | | 
$291.47 ! $405.4 
$294.28 l 
9 V) 4290.04 14 I 
5.00 VY 4299 .03 + ) 
O5 4300.79 $401 )4 [ 
- V 4302.63 +45 
+ + V) 43 ‘5 j 
41 3 Fe 4307 I 


absorption-line velocities in Table III. It is reproduced in Table 
II. Lines having the chemical identification in parentheses are 
those for which slight changes from the laboratory values have 
been introduced as outlined above. Lines without identifications 
were derived directly from the stellar spectrograms. 

When all the measurements had been completed, the residuals 
were again formed and the process of correcting the table was 
repeated. This led to the list printed as Table IV in Mt. Wilson 
Contribution No. 265. <A logical step would have been to re-reduce 
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all the plates, using this final table, but this was not done because 
the resulting changes would probably have been too small to justify 
the additional labor. Table IV in Contribution No. 265 is, of 


course, the one recommended for future measurements of the spectra 





of long-period variables of class M, having dispersion comparable 
with that used in this investigation.' 

Vount Wilson radial-velocity data.—Table III gives the data for 

L.] 


the radial velocities of 111 long-period variables and six irregular 


variables observed at Mount Wilson. The first column contains 
the name of the star and the Harvard designation, of which the 
first four figures indicate the hours and minutes of right ascension 
for 1900, and the last two figures the degrees of declination, num 
bers in italics representing southern declinations. Dates of observa- 
tion are given in the second column. Spectrograms on dates marked 
with an asterisk were made with the 60-inch telescope, all others 
with the 1oo-inch telescope. The column headed ‘ Phase” gives 
the number of days before ) or after (+) the nearest maximum. 
In the column “Absorption Velocity” are given the measured 
velocities in kilometers per second, and the number of lines. The 
last column, “Emission Velocity,” gives the measured velocities 
and the particular lines used, the Greek letters referring to hydrogen 


lines in the Balmer series. The individual velocities are printed to 
the nearest kilometer only, but in forming the means the original 


values to a tenth of a kilometer were used. 


' 326 A per mm at H 
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TABLE III 


RADIAL-VELOCITY OBSERVATIONS OF LONG-PERIOD VARIABLES AT Mount WILSON 
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TABLE IlI—Continued 


PHASI 
STAR Dati Mac a8 ———— 
Days 
Absorption Emission 
l Le ris 
IQ22 Feb I 5.1 I yo 
I Feb 8 .¢ I 14 7) 
~~ a 
VY Ono 
1919 Oct. 1 8.8 t ) a. Y 
I 8 I I p 
I 5 II I by 
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1921 Sept * ) - 1 7 
= 28.9 
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2) 
1019 Sept 4 Ro I I Ys 
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X Au e | 
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1 Apr. 8 Q ¢ 9 ‘ 
I 8 
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TABLE III 
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TABLE Ill—Continued 
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Day 
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LONG-PERIOD 


DATE 
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VELOCITY 
PHAS! 
STAR DATE MAG - — ————— 
Days 
Absorption Emission 
R Draconis | 
16326¢ 1919 July o* 8.9 — 30 —143 v6 
Aug. 2* 8.0 - 6 —I5I 76 
S* 8.0 ° —138 21 —143 Byd 
Sept. 8* 8.8 | + 31 —143 a2) 
o* 8.5 | + 32 | | 142 75 
1922 Apr. 10* 7.9 — 8] —144 75 
—144.2 
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1650 30 1920 July 31 6.6 — 3) — 47 75 
| 1921 Mar. 28 | 7.4 - 654 — 4S 76 
— 45.2 
SS Ophiuchi | | 
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10 8.7 i+ 2] |} — 48 Byé 
| ————EEE7~=x = — 
| | 
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| , ——— 
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1d the velocity derived from it is assigned half-weight 
icri: The proper value for the mean velocity from the ission lines and especially 
‘tion lines is doubtful to the extent of a few kilometers, owing to the systematic diver- 


inorum: The M-type bands are weaker on the second plate than on the other two 




















e plates from the others e discre} y may be connected with the fact that the 
strongly exposed, the bright hydrog lines being much overexposed. In general 
*xposures do not show any decided systematic differences, although there seems 


, Which operates only occasionally, tending in a few instances to cause spectro- 

inch telescope to yield algebraically larger velocities than spectrograms of the 
inch telescope. The adopted emission-line velocity for R Cancri is the simple 
bsorption velocity, the average value, absorption minus 
d to the mean emission-l velocity 





ual results; to obtain the 
four plates, 13.7 km, was add 
rhe bright hydrogen lines are weak 

Not in the Henry Draper Catalogue 
he apparent variation in velocity is probably larger than the errors of observa- 
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1 the Mount Wilson measurements give the largest negative velocity afler 
1s a short period and considerable range in magnitude; hence, if the hght 
unges of a geometrical nature, we might expect to find in this star an unusually 
il velocity 
On the first plate H@ is not seen, but on the second it is a strong bright line 
N ‘finite bright lines were seen on the plate of March 3, 1920, or on another, 
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is t 
1s spectrum between Hé and He appears like a bright band, and the region between H@ and Hy is 
very hy 
trum is much like that of RT Virginis (see preceding note) but an 
r yn line 1S rt here appear to be absorption lines on either side of the position of 
Hy. Possibly the narrow space tween them should be interpreted as a bright Hy. If so, it gives about 
the e velocity as the absorption Remark in the Henry Draper Catalogue: “The brightest portion 
the spectrum lies between He and eg 
422, R Hydrae: In formi: in of the velocities from the emission lines, the last five plates 
i en unit eigat the weights of the others ' ere, 4 4,3 2 . , respectively 
[ Centauri: Bright lines are seen on the plate of July 12, 1922, only, and are certainly stronger 
I the other plate ‘he continuous spectrum » shows decided changes. On the first plate, which 
is eak in the violet for measurement, the titanium bands are stron marked in the region A 4500 to 
\ the type t >d as M4-5 Ihe spectrum on the second plate is very similar to that of 
a Or 1S is sorption spectrum of the third plate more nearly resembles that of 
s vii is of he bright hydrogen lines superposed. Miss Cz yn has noted in the 
emarks in the He wtalogue that the spectrum varies from K2 having bright hydrogen lines to 
Ma no brig comparison of the Mount Wilson measure its with those by Paddock' at 
», Chile, suggests that the radial velocity as well as the relative d acement of the bright lines 
e variable An ex ive study of the variable spectrum of this would be valuable 
j W Hydrae e plate of June 11, 1922, was taken under poor conditions and is probably 
iffecte y some instrumental error rhe velocity from thi ised in forming the r On 
the late the bright Hy line is weak, showing that the lerably before maximun tht 
H rong and the close companion line on the red side is visible > velocity from this plate was given 
i yr y the mean variable has a very small tude range, but appears neverthe- 
less t characteristic? of the or | From the behavior 
e 1 that maximum oct 1 Combined with 
( of ’ 77 days accordingly 
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5 Y Li te vel 
t ree 
! RSI he first te en one lf we t as the velo f 
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X O ni A: star ee I e velocity in Mt. W n Contr., No. 261 
{str urnal, 57, 251, 1 
x | Bright Hg tronger tha il fora r with absor ectr of class M 
Cy The se i s ery Tr 
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é P 
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{ gaseous | rhe velocities take ym Mt. Wilson Conir., No , Pp. 4; Astropl ul Journal, 
53, I I 
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are di D { | e 1S en one-hail i in i Z € ean 
I Observatory Bulletin, 9, 1g! 
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DISCUSSION OF RESULTS FOR INDIVIDUAL STARS 
Velocities from emission lines.—An examination of the velocity 
measurements in Table IIT, as well as those obtained at Ann Arbor, 
appears to show that the ranges for individual stars can, in general, 
be accounted for by errors of observation. ‘This may be inferred 
from the fact that the agreement of plates of a particular star 
taken on the same night or on successive nights is not decidedly 
better than that of plates separated by longer intervals. More- 
over, the agreement of several plates of a star is in most instances 
about as good as could reasonably be expected from the number and 
internal agreement of the lines on each plate. Some apparent 
exceptions have been discussed in the notes to Table III, and the 
subject will be dealt with more fully in the following paragraphs. 

In the present investigation and in the similar one previously 
carried out at Ann Arbor, the effort has been to determine the 
velocities of as many stars as possible rather than to secure extensive 
sets of observations of individual stars. Hence, most of the 
observed stars are represented by a Small number of spectrograms 
taken near maximum. The desirability of testing the constancy 
of the velocity at different maxima and throughout the light-cycle 
has been borne in mind, however, and data for this purpose have 
been secured for a few stars. 

The available measures show that velocities at different maxima 
are nearly the same. In a few instances the observed variations 
may exceed the errors of measurement, but the data are too meager 
to establish this as a fact. This question might better be studied 
with more powerful spectrographs as in numerous stars the bright 
Hy and H6é lines could easily be photographed at maximum with a 
dispersion several times that which I have used. 

A slight variation of velocity with phase is indicated for a number 
of stars, and as approximately the same behavior seems to be shown 
by those stars for which the data are most extensive, the effect is 
probably real. A study of X Ophiuchi has already been published." 
The conclusion was that the velocities are not constant but have 
algebraically low values for a month or two after maximum light. 
The same statement seems to apply to several other stars. 


t Mt. Wilson Contr., No. 261; Astrophysical Journal, 57, 251, 1 
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The Mount Wilson observations of R Leonis, R Hydrae, X 
Ophiuchi, x Cygni, and T Cephei are plotted in Figure 1. With 
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the exception of R Hydrae, in which the effect is doubtful, they are 
better represented by a curve having a flat minimum a few weeks 
after maximum light than by a straight line. Several other stars 
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observed over shorter intervals show changes in velocity which 
are in harmony with a similar hypothesis. One of the most strik- 
ing examples, although based on very few observations, is R 
Virginis.* Another is the S-type star R Canis Minoris. 

About the time of maximum light the bright line \ 4202 becomes 
measurable, followed, as the light decreases, by \ 4308 and X 4571. 
As these lines have been used together with the hydrogen lines in 
the velocity determinations, it is essential that the system of wave- 
lengths employed be relatively correct or apparent variations may 
be introduced. The wave-lengths used were the laboratory values 
indicated in Table I. The mean differences between the velocities 
from the hydrogen lines and those from the other bright lines have 
been computed and found to be small, showing that no large system- 
atic errors exist.? For individual stars the displacements shown by 
the lines AX. 4202, 4308, and 4571 correspond reasonably well to those 
of the hydrogen lines on the same spectrograms. 

It is not certain that the slight changes in the positions of the 
bright lines are due to variations in radial motion, but no other 
explanation presents itself. If the well-known displacement of the 
bright lines toward the violet with respect to the absorption 
spectrum represents an outflow of incandescent gas, it is possible 
that on first coming into view the gas has a low velocity and is 
subject to acceleration while under observation, or is replaced by 
other gas having a higher outward velocity, the process being 
reversed as the incandescent gas begins to disappear. ‘This would 
indicate the existence of agencies acting during a considerable 
fraction of the light-period, rather than a sudden outburst followed 
by a gradual resumption of the previous conditions. ‘The observa- 
tion of the hydrogen lines is subject to this interpretation, but for 
the other gases a somewhat different state of affairs appears to 
exist. The lines AA 4202, 4308, and 4571 appear later in the 
light-cycle than the hydrogen lines, but when they first become 


measurable, they have nearly the same velocities as the hydrogen 


«See the note concerning this star on p 
See Table II, Mt. Wilson Contr., No. 265; Astroph Journal, 58, 196, 1923. 
See also measurements of o Ceti by Adams and Joy, Publications Astronomical Society 


of the Pacific, 35, 1085, 1923. 
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lines on the same plates. Later they agree with the hydrogen 
lines in showing a tendency toward algebraically larger velocities, 
as illustrated by the mean curves in Figure 1. A detailed explana- 
tion of this behavior is impossible at present, but it seems justifiable 
to conclude that the appearances of bright lines at different times 
in the light-cycle do not correspond to separate outbursts of various 
elements, but are manifestations of successive phases of the same 
disturbance by which the bright hydrogen lines were produced 
shortly after minimum. 

Velocities from absorption lines.—Not much can be said as to 
possible variations in the absorption-line velocities, owing to the 
small number of observations obtained for individual stars. Except 
for a few weeks near maximum, most of the stars are so faint that 
it is difficult to photograph the continuous spectrum. Moreover, 
when the stars are faint, the absorption spectrum may not yield 
a satisfactory velocity, even when normally exposed, because the 
lines are likely to be weak and indefinite and to be interfered with 
by the titanium-oxide bands. 

Neither my observations nor the other available data present 
evidence of changes in velocity, but they do not prove that changes 
of a few kilometers may not occur. Apparent changes in absorption- 
line velocities indicated by Tables III and IV are probably due in 
most if not in all cases to errors of measurement. Observations 
of o Ceti at different maxima agree remarkably well, as shown 
in Table IV. 

All the stars for which either the absorption or the emission- 
line velocity has been measured by more than one observatory are 
listed in Table IV. The agreement, on the whole, is very good. 
Hence, even though we admit the existence of slight variations, it 
appears that both the bright and dark-line velocities are definite 
and nearly constant quantities for which essentially the same values 
are found by different observers using different instruments and 
methods of reduction. The data are, therefore, suitable for a 
statistical study of the motions of these objects. 

The data in Table IV are taken largely from Table III and from 
the Publications of the Observatory, University of Michigan, 2, 50 fi., 


1916. Professor Frost has had the kindness to send me for use in 
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TABLE IV—Continued 


RADIAL VELOCITY ADOPTED 
DESIGNATION NAMI OBSERVATORY : — nies memes 
A Wt E Wt. | +A I 
ISII W Ly ie Detroit 150 3 as 
Mt. Wilson —178 2 
| 
ee , | : 
18 . X Ophiuchi | Detroit — 8 3 — 83.8 
Mt. Wilson — 83.4 1¢ 
R Cygni Lick } I — 45.0 
Mt. Wilson - 40.2 9 
| 
RT ¢ i Yerkes I 6 }—125.5 
Detroit 12 4 
| 
x Cygni Potsdam 1gor1 + { ' 19.8 — 0.5 |— 19.7 
Potsdam 1902 — 2 } - 21 15 | ; 
Detroit 17 | 
Mt. Wilson — I - 17.8 I 
8 r Cephe Yerkes —14 I — —10.7 |= 20.1 
Detroit _ 
Mt. Wilson — 9 _ I s 
R Cassiop Detroit + 0.4 5 I+ 8.2 
Mt. Wilsor + ¢ 
NOTES TO TABLE I\ 
I Ce I , Astrop ical Journal, 9, 32, 1809; Lick Observatory Bulletin, 2, « 1902; 
Ottaw Journal Royal Astronomical Society of Canada, 1, 1907; Bor {strot ul Journal, 27, 304, 
( e, Astrop Journ 48, Ig! Mount Wilson shed measures by Mr. Joy 
I am indebted f ! n to include the here 
94211, R Leonis: Lick, a slightly revised value of the emission-line velocity was communicated t 
Ir. Moore 
r Ce i: D. O. Mills, Lick Observatory Bulletin, 9, 68, 1917 
x Cy Potsdam, A strop/ 1) Jourr 18, 198, 19 


this connection unpublished measures of o Ceti, R Leonis, R 
Serpentis, RT Cygni, and T Cephei made at the Yerkes Observa- 
tory. The notes indicate data from other sources. 

Collected radial-velocity data. 
lected in Table V, 
studies. 


The adopted velocities are col- 
which contains other data of value for statistical 
The fifth 
column gives my estimates of spectral type at maximum, on the 


The first four columns require no explanation. 


new system adopted by the International Astronomical Union in 
IQ22. 


The typical stars selected for the subdivisions Mo to M6 
by Mr. Joy and the writer are as follows: 











Mo ££ Andromedae, H.D. 6860 

Mi vp Virginis, H.D. 102212; a Scorpii, H.D. 148478 
M2 a Ceti, H.D. 18884; a Orionis, H.D. 39801 

M3 yw Geminorum, H.D. 44478 

M4 pp Persei, H.D. 19058 

Ms a Herculis, H.D. 156014 

M6 Boss 660, H.D. 18191 
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NAME 





Virginis 
Virginis 





Hydrae 


Can. Ven 
Urs. Min 
Bobtis 
Virginis 
Can elop 
Bodtis 
Bodtis 
Librae 
Librae 


Serpentis 


r. Bor 


Serpentis 
Librae 

Herculis 
Serpentis 
Herculis 
Cor. Bor 
Herculis 
Herculis 
Draconis 
Herculis 


Scorpii 
Ophiuchi 
Ophiuchi 
Ophiuchi 
Herculis 


Herculis 





Herculis 
Lyrae 
Ophiuchi 


Ophiuchi 


Herculis 
Aquilae 
Sagittarii 


ittaru 
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TABLE V—Continued 


VELOCITY 
No NAMI a 1900 Igo I ) ——— 
Abs Em 
II ZA M 36 I — 10.3 
112 R De I M 6¢ I s 
11 V Aqua I { M - 9 
Il I \ ll I M — 5s 9 
II X Delphi I M — 62.9 
II R Vulpeculae ) M4 - 1 
11 r Cephei I M - I 
rs I le I I M 6¢ — 
II RR Aquarii M 3 Ig! 
I W Cygni I M - 
121 r Peg 4 M = ) 
I I Pegasi M 66 ~ 
I RI Ag I M 6¢ I — 
I Lace ) Mse = 9 
I } La Mo6¢ 5.2 
I 2 SA l M 6¢ —= 4 
127 V Ca ) M 6¢ — 
12 W Pe I M — 
12 Pe I M = * 
I RA M I - - 
131 V < I M I I I 
I R ( M 2 
I SV A M es 


Two more subdivisions in continuation of this sequence. M7 and 
M8, were used, but no standard spectra not subject to variation are 
known to us. Mo and Myo are available for the spectra of certain 
stars at times other than maximum. Parentheses in the fifth 
column indicate that the classification is somewhat uncertain 
because, in most instances, of underexposure of the spectrograms. 
No star was included in this table unless emission lines of hydrogen 
had been measured in its spectrum. 

The Harvard values of the period are given in the sixth column. 
Two stars marked as irregular, namely, X Monocerotis' and RT 
Hydrae, are included because their spectra are much like those of 
the periodic Stars. 

All the figures in the last column, and all those in the preceding 
column not in parentheses, are observed values and are taken from 
Tables III and IV or from the Publications of the Observatory, Uni- 


versity of Michigan, 2, 5off, 1916. Slight corrections have been 


™See note on p. 234 
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made to some of the absorption-line velocities in the Ann Arbor 
list by using additional lines in the reductions. The absorption 
values in parentheses have been found from the emission velocities 
in a manner that will be described presently. 

Relative displacement of bright and dark lines.—Spectrographic 
observations made at the Lick Observatory in 1897 and 1808! 
showed the effective centers of the bright Hy and Hé lines to be 
displaced toward the violet with respect to the absorption spectrum. 
Bright lines at 44308 and \ 4376, if identified with iron lines, 
showed corresponding displacements. These results were con- 
lirmed and extended by Stebbins in 1902.2. Similar behavior was 
found for the bright lines of x Cygni by Eberhard in 1901 and 1902. 
It seemed probable, as Eberhard remarked, that this is typical of 
long-period variables having the same type of spectrum. The 
present investigation, including the Ann Arbor measurements, 
makes it certain that this is the case, and also indicates the same 
effect for three S-type stars. Moore has found the same phenomenon 
in the spectrum of one N-type variable, U Cygni.4 The occurrence 
of this relative displacement in such diverse types of spectra is 
very interesting and should be held in mind in considering the 
general problems of long-period variables of the three spectral 
classes. 

The relative displacements of the bright lines have been meas- 
ured for 47 variables of classes M and S. The results, computed 
from data in Table V, together with the spectral class, the period, 
and the magnitude range are collected in Table VI. Omission of 
the decimal of a kilometer in the column A.— E. denotes considerable 
uncertainty, except for the stars S Coronae Borealis and R Aquarii, 
in which cases the record does not show the decimal. As a matter 
of.fact, no value in Table VI is reliable to a tenth of a kilometer, 
but the decimal has been used when available to prevent the 


accumulation of errors in plotting and computing. 


t Astrophysical Journal, 9, 31, 1899. 
2 Lick Observatory Bulletin, 2, 93, 1902 
3 Astrophysical Journal, 18, 198, 1903 


4 Lick Observatory Bulletin, 10, 166, 1922. 
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STATISTICAL STUDIES 

Relative displacement of bright lines.—Inspection of Table VI 
shows that the relative displacements (absorption minus emission- 
line velocity) for different stars differ by amounts greater than the 
errors of measurement. Studies were therefore made of the rela- 
tionship of the displacement to spectral type, period, and range, 
respectively. 

The mean displacements for each spectral type are shown in 
Table VII. The second column gives the average displacement 
(absorption minus emission) when each star is counted as one; the 


TABLE VII 


DISPLACEMENT OF Emission LINES AS RELATED TO SPECTRAL TyP! 


I iL W S W H 1 AND 
Me Disp No Me D W 
M t¢ 3. kn I 3. km I 
M 26 C Oo 
M 3¢ 13.1 { 13.0 5 
M 4¢ 8.7 ( Q.2 7 
M se 9.0 , 7.2 10 
Mo6¢ 10.6 11 11.8 16 
M 7¢ 14.1 7 rs.7 10 
MSe 160.8 8 16.2 14 
de } 3 $3.3 } 


fourth column gives the displacements with weights 1 and 2, 
as indicated in Table VI, except that L, Puppis and S Coronae 
were given weight 1 because of some uncertainty in the deter- 
mination of the spectral type. The table shows that the displace- 
ment increases with advancing spectral type, although class M3e 
is an exception, possibly because of the small number of stars 
included. The three stars of class Se have high values, but Figure 2 
shows an influence depending on the period. The curve defined 
by the three S-type stars lies about 6 km above the corresponding 
portion of the curve for Me stars. 

The stars were then divided into three nearly equal groups 
according to the size of the displacements, omitting the three stars 
of class S. The resulting mean displacements and types are given 
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in Table \ III. ‘] he correspondence between advan ing type and 
increasing displacement is again shown. 

If the stars with known periods are divided into three groups 
according to the period, we find the results given in the first por 
tion of Table IX. If the same stars are grouped according to the 

rABLE VIII 
MEAN D1 


\I 
M 
\I 
TABLE IX 
MEAN DISPLACEMENT AND MEAN PERI YG 
Arranged by period 
Arranged by displacement I : 
TABLE X 
Mean D CEMENT AND MEAN RANGE BY Gi 


size of the displacen nt, we obtain the figures in the second portion 


of Table Ea: In both Cases the pe riod increa cs wit l the displace- 


ment. 


and magnitude 


Proceeding in the same way for displacem 
range, we have the figures in Table X, which show that the displace- 


ment increases with the range. 
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It thus appears that the displacement increases, on the average, 
with spectral type, with period, and with magnitude range. The 
accordance of individual stars for the period relationship is fair, 
but for spectral type and especially for range it is poor, the plotted 
results being scattering. We might expect the displacements to 
be closely correlated with spectral type, but this is not the case, 
although a statistical relationship is undoubtedly present. 

[he stars with ranges of less-than five magnitudes have in general 
small displacements, and those with ranges above seven magnitudes 
have large displacements, but for the numerous stars having ranges 
between five and seven magnitudes the dispersion in displacement 
is large. One star, W Hydrae, deserves special mention as the 
outstanding exception to the rule that stars with small ranges have 
small displacements. Its period and spectroscopic behavior are 
typical of stars of type M8e, but it has the remarkably small range 
of 1.3 magnitudes. It is barely possible that, like X Ophiuchi, it 
is a double star. R Aquarii also has a magnitude range somewhat 
smaller than is typical of its period and spectral type. This may 
be due to the influence of the portion of the star connected with the 
emission of the nebular lines. 

The best accordance shown by individual stars is in the case of 
the period relationship. Even here the deviations of some stars 
appear to exceed the errors of observation, although more material 
is perhaps necessary to establish this beyond doubt. In any event 
the period relationship offers the best method available of reducing 
the measured bright-line velocity of a star to a dark-line basis. 

We must now face the question whether the displacements of the 
bright lines, or of the dark lines, or neither, yield the true radial 
velocity. In the case of one star, X Ophiuchi, a direct answer is 
available in favor of the absorption lines. The evidence is fully 
stated in another paper’ and need not be repeated here. In R 
Aquarii the velocities from the nebular lines more nearly coincide 
with those from the absorption lines than with those from the bright 
lines connected with the M-type spectrum.” In both of these stars 
the Me spectrum seems to be a normal one. Statistical investiga- 
tions of the motions also favor the absorption lines as yielding 

‘Mt. Wilson Contr., No. 261; Astrophysical Journal, 57, 251, 1923. 

2 Mi. Wilson Contr., No. 200; Astrophysical Journal, 53, 375, 1921. 
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essentially the true radial velocities. A solution for the sun’s 
motion with respect to 83 Me variables, using emission-line veloci- 
ties, gave a K term of —11.7 km, but a solution from the dark- 
line velocities of 1 32 Stars (119 of class Me and 14 of class Se) gave 
a K term of +3.9km; omitting one very high velocity star, S 
Librae, the A term came out —o.2km. The A term for 76 of the 
slower moving variables (using absorption-line velocities) was 
+1.3km. Another selection of 68> slow-moving variables gave a 
K term of +1.1km. It seems clear therefore that for a study of 
the motions of these stars the absorption-line velocities are to be 
preferred to those from the emission lines. 

In order to reduce the emission-line velocities to an absorption- 
line basis, the measured displacements were plotted against the 
periods; a curve drawn to represent the resulting points is shown 
in Figure 2. The observations seem to demand a maximum near 
220 days, but it is uncertain what physical meaning should be 
attached to this feature. From the appearance of the plot we might 
infer that there exists a group of stars with periods in the neighbor- 
hood of 200 days, which have larger displacements than called for 
by the general progression shown by stars of longer and shorter 
periods. We might accordingly continue the general run of the 
curve across the interval from 140 to 260 days, but for the purpose 
of making an empirical determination of the displacement cor- 
responding to a given period, it seemed best to draw the curve as 
indicated. For those stars for which emission lines only have been 
measured, the hypothetical dark-line velocities were obtained by 
applying the displacements read from the curve. The S-type 
stars were treated separately; only 3 were available as standards 
and these are marked by the letter S in Figure 2. The dark-line 
velocities determined in this manner are given in the next to the 
last column in Table V, im parentheses to distinguish them from 
values depending directly upon measurement. 

In the earlier work at Ann Arbor it was noticed that two stars 
with especially short periods, namely L, Puppis and W Cygni, 
showed practically zero displacements. From a study of the Ann 
Arbor data Ludendorfi was led to state’ that “‘the magnitude of 


* Astronomische Nachrichten, 212, 483, 1921. 
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the displacement of the hydrogen emission lines depends on the 
period of the star.’’ In spite of the meager material at his disposal, 
this conclusion is essentially correct, being substantiated by the 
more extensive data reported in the present paper. It has seemed 
best, however, not to assume a linear relationship between displace- 
ment and period, as was done by Heiskanen and Ludendorff,’ 


to reduce emission-line velocities to a dark-line basis. 





km/sec -— 














ah —— SS SS Nm 
110 170 230 290 350 410 470 days 
FiG.2.—Relative displacement of emission lines (Abs.—Em). Observations repre- 


sented by dots have one-half the weight of those represente d by circles. 


Group-motion of long-period variables.—The highly specialized 
character of the light variations and of the spectra of long-period 
variables leads us to examine their motions to ascertain whether 
they differ in any way from the average motions of other stars. We 
may consider first the common or group-motion of the variables, 
and second their random or individual motions. 

The Ann Arbor data’ strongly suggested a group-motion in a 
general direction opposite to that in which the sun is moving with 
respect to other stars. Heiskanen and Ludendortf*’ emphasized 
the fact that the result depended to a considerable extent on the 

Ibid., 213, 207, 1921. 
Publications of the Observatory, University of Michigan, 2, 63, 1916. 


Astronomische Nachrichten, 213, 297, 1921. 
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influence of a few rapidly moving stars, and thought that no real 


stream-motion existed. 


tions now available, we are in a position to discuss this question to 


much better advantage than before. 


The following computations have been based on 


The positions and velocities of the 122 Stars inclu 


are charted in Figure 3. 
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southern hemisphere is, of course, an unsatisfact 
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is hoped that befor 
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or less « losely to the actual distribution of variabl 
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has been frequently pointed out, this is by no meat 
decided lack of stars existing near right ascension el 


In the first place, a least-squares solution for thi 
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With the additional velocity 


Other irregularities in the chart co 


determina- 


the absorption 


line velocities as tabulated in the next to the last column in Table V. 
led in this table 


The defi lency of observed stars in the 


feature. It 


for additional 


ven nours 


solar motion 


with respect to all the 133 variables was made with the following 


results: 
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The position of the apex is about the same as that given by several 
investigators for stars of classes K and M, but the speed of the sun 
is nearly three times as great as that usually found. As the vari- 
ables have high random motions," we may recognize in the facts 
above a phase of the dependence of solar motion upon the speed of 
the stars, as brought out by Boss,? Adams and Joy,’ and Strémberg.4 

In computations concerning the motions of the stars the ques- 
tions of grouping the material and of rejecting apparently excep- 
tional stars are often troublesome, especially when, as in the present 
investigation, the total number of stars treated is small. If the 
stars are divided into strictly homogeneous groups, the number in 
each group may become so small that the results are untrustworthy. 
For this reason I have avoided the use of more than two groups in 
solutions for the solar motion. Several methods of grouping are 
possible, but the only one used here is that based on the random 
motion of the individual stars as a criterion of selection. The 
following computations are those which seemed the most suggestive, 
but they do not constitute an exhaustive treatment of the data. 
Other investigators may find further computations profitable. 

One star, S Librae, has such a high velocity that it stands quite 
by itself in the plot in Figure 4. A solution for the solar motion 
with this star omitted is shown in Table XI. The large effect of 
this star is, of course, due to the fact that the determining factors 
are the squares of the residuals. Some other system of solution 
would probably be preferable. The arithmetic mean residual for 
the 132 stars has not been computed, but it is estimated to be 
between 30 and 31 kilometers. 

The small value of the A term gives us confidence that the 
method of reducing the emission-line velocities to a dark-line basis 
is re asonably accurate. 

In order to bring out the possible dependence of the computed 
solar motion upon the peculiar velocities of the stars involved, 
the variables were divided into two groups according to the numeri- 


cal size of their residual velocities, which were found by applying 


t The arithmetic mean residual from this solution is 33.4 km. 
{stronomical Journal, 35, 26, 1923, and references there given to earli r papers. 
Wi. VW n Conir., No. 163; Astrophysical Journal, 49, 170, 1919. 


+ Mt. Wilson Conir., No. 245; Astrophysical Journal, 56, 265, 1922. 
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to the absorption line velocities a correction for the solar motion 
computed from the 133 variables themselves. as given on page 252. 
Sixty-eight stars were found to have residual velocities equal to or 
less than 25 km, and 65 to have residual velocities exceeding this 


figure. Separate solutions for the solar motion were based on these 
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two groups. The resulting data are shown in Table XI. A previous 
solution based on the emission-line velocities of $3 stars’ is included 
for comparison. The solution based on 76 stars with low residuals 
will be described presently. 

The increase in V, in going from the 68 slow-moving stars to 
the 65 rapid ones is very marked, and seems to be a fine illustra- 
tion of the velocity asymmetry of high-speed stars. 

* These stars were not selected for small velocity but included all that were avail- 


able when the solution was made. 




















LONG-PERIOD VARIABLE STARS 


to 
val 
uw 


The 68 slow-moving stars give a value of V, much greater than 
that usually found, and, on the face of it, this indicates a strong 
group-motion prevailing among the variables independently of 
their high speed. These figures may be somewhat misleading, 
however, as a little consideration will show that the two solutions 
lead of necessity to results much like those based on all the stars. 
As far as the 68 stars are concerned, they have been selected in 
such a way that their motions must nearly equal that called for 
by the general solution, and hence they are not likely to yield very 
different results. On the other hand, the group of 65 rapidly moving 
stars will contain the high residuals which, since the method of 
solution is that of least squares, counted most heavily in the general 

TABLE XI 


SOLUTIONS FOR SOLAR MOTION 


A 'S Libra, Low Residuals Rs 
Number. 133 132 68 76 65 83 
lo 287-1 280°:7 283-5 203-9 289-2 | 274°4 
Dy r4i.¢ 733 735-0 34.4 740.2 144.0 
Vo ss.okm 52.5km 47.9km 29.0km 64.60km 55.9km 
A r 38 = 9.2 rt. r 1.3 + 7.9 | —II.7 
\rith 
Mean ce - ¢ 12.2 56.8 20.9 
Resid 


solution, and hence will tend to reproduce the same figures. We 
must therefore exercise caution in interpreting similarities in the 
results of the three solutions. The same reasoning, however, leads 
us to rely on differences in the figures as probably having a real mean- 
ing. ‘The increase in V, with speed, for example, is scarcely to be 
explained except as a physical fact. 

Another procedure was adopted to test the systematic motions 
of the slowly moving variables. The residuals from the ordinary 
solar motion, A,=270, Do=+30, V,.=20km, were first com- 
puted. Seventy-six stars having residuals less than 30 km were 
then made the basis of a new solution. The results are in the 
fifth column of Table XI. Although the mean residual, regardless 
of sign, 13.3 km, is not greater than that for stars of classes F, G, 
K, and M, the solar motion nevertheless is increased from 20 to 
29km. Moreover, reasoning similar to that outlined above shows 
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that the method of selection tends to make thi 


J 


small. Hence the conclusion seems to be justified that 


variables have a general group-motion, largest, it is tr 


high-speed stars, but not zero for the slow ones 
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Random motions.—It is well known that the avera 


motion varies for groups of stars of differet 


different absolute magnitudes he general rule is that 


with advancing spectral type, and decreases with increa 


ity. ‘The residual motions of the individual variabl 


computed from several solutions for the group-motior 
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been grouped and tabulated in various ways in an atten 


out possible systematic relationships to other quantities. 
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Here we find a strong tendency for the random motion to 
decrease with advancing type, the velocity of the Se stars corre- 
sponding to that of classes M7e and M8e. The residuals from the 
other solutions have also been grouped according to spectral type, 
the results being exhibited in Table XIII. 

The most rapidly moving stars show an evident tendency to 
favor the earlier spectral classes. Among the slowly moving stars 
one could not expect to find a decided progression with type, but 
in the case of the 68 stars selected by residuals from the solution 
based on the variables themselves, there appears to be a trace of 
it. In the case of the 70 stars selected on the basis of the residuals 


from the ordinary solar motion, the selection has little or nothing 


TABLE XIII 


Mean SPECTRAL Type AND RESIDUAL VELOCITY BY GROUPS 
Low R 
\ Hicu R 

M ‘ M | Me Mear M M Mean 

No. |3 No. | R, ype | XN | R. Type | X% |r 
Mre-M.4¢ Fe ; 17 2 74 2 4 1¢ 14 I 17 I 
M se— Moe 19 ( 7 j I 15 
M 7e—MS8« 7.4 | { } 13 } 4 7-4 15 
se | } ; i I I 


to do with characteristic properties of variable stars and the mean 
residuals probably have no significance. The correlation of high 
speed with early sper tral type is evidenced, however, by the numbers 
of stars involved in the various groups. Among the high residuals 
the ratio of the number of stars in classes Mr to M4 to those in 
classes M7 and M8 is 1.5, while the same ratio for the stars with 
low residuals is 0.8 in one case and o.7 in the other. If the stars 
are divided into several groups according to SsIze oO} the residual 
velo ity, the mean spec tral type of each group tends to decrease 
with increasing velocity. Both methods of grouping exhibit irregu 
larities in the correlation between type and veloc ity , however, show- 


ing that the relationship is of a general statistical nature and not 


binding on individual stars. 
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The relationship between light-period and velocity was next 
examined. ‘The stars involved in each solution were arranged in 
order of period and divided into equal or nearly equal groups. In 
the main solution for 133 stars, seven groups were formed; in the 
solution for 68 and 65 stars, five groups each. The mean periods 
and the mean residuals for these groups are tabulated in Table XIV. 

On the whole there is a decided tendency toward slower motion 
with increasing period. This appears most clearly among the 


stars with high residuals. Among the stars with low residuals the 


TABLE XIV\ 
PERIOD AND RESIDUAL VELOCITY 
\ H I | 
Gk 
Mean I M Mean P M M 
k } i il 

Es I } 174 ) 13 
2 } I 
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total range of velocity is so small that a strong progression cannot 
be expected. The fact that long-period stars tend to have small 
residuals is indicated, however, by the fact that the last two groups 
have a larger mean period than the corresponding groups of the 
stars with high residuals. 

The correlation between period and velocity is incomplete in 
that stars of low velocity may have any length of period. It seems 
clear, however, that very high velocities are largely confined to 
stars having short periods.’ 

Heiskanen and Ludendorti, in a study based on 44 variables, 
called attention to the probable dependence of velocity upon period, 


and pointed out that at least the dispersion of the radial velocities 
t Averaging a little over days. The stars with € ver ortest periods, 
ely high velocities. 


go-150 days, do not appear, from present data, to have extren 


Astronomische Nachrichten, 213, 297, 1921. 
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decreases with increasing period. ‘This is confirmed by the more 
extensive data of the present article. 

That the apparently fainter variables are moving more rapidly 
than the brighter ones, as indicated by the Ann Arbor measure- 
ments, appears to have been an accidental result due to high veloci- 
ties of comparatively few stars, as the present data do not afford 


much evidence of such a relationship. 
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Fic. 5.—Residual radial velocity and period. Class Se stars are indicated by 
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It is a pleasure to acknowledge the able assistance of Miss Cora 
G. Burwell in making the computations described in the foregoing 
pages. 

GENERAL DISCUSSION 

The main purpose of this article, which is to present observa- 
tional results concerning the radial velocities of long-period vari- 
ables, has been accomplished in the preceding pages, which contain 
also some computations and tabulations exhibiting certain statisti- 
cal relationships. Some features of the data are very puzzling and 
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seem quite out of harmony with the more general facts of stellar 
motions and with plausible hypotheses as to the place of the variable 
stars in stellar evolution. No attempt is made to explain these 
phenomena and to co-ordinate them with other astronomical facts, 
and the article is concluded with only a brief recapitulation of the 
general results and a cursory examination of some of the problems 
involved. 

The very extensive photometric and spectroscopic data concern- 
ing long period variables of class Me cathered by many observers, 
but chiefly by those of the Harvard College Observatory, have 
shown that the average values of the following characteristics vary 
together as indicated: 

1. Advancing spectral type" 

Increasing period 

3. Increasing magnitude range 
The spectrographic observations discussed in this paper enable us 
to add to the list: 

4. Increasing displacement of bright lines relative to absorption lines 


Decreasing random velox ity 


It is not easy to decide which of these relationships arise directly 
from physical causes, and which are incidental. The correlation 
of magnitude-range with relative displacement of the bright lines 
and with random velocity appears to have little direct signifi- 
cance. The relative displacement of the bright lines seems to be 
most clearly connected with the period, while the random velocity 
is correlated about equally well with type and with peried. But 
in all these correlations neglected factors are evidently present, 
which in some stars are more potent than the general statistical 
tendencies and cause a considerable spread in values from indi 
vidual stars. 

One might expect the relative displacement of the bright lines 
to vary more directly with type than with period, but this is not the 
case, and it is really not surprising in view of the fact that S- and 


Che correlation of the subdivisions of class Me with period becomes quite clea 
list. See Mt. Wilson Contr., No 


when the S-type stars are removed from the 


Astrophysical Journal, 46, 472, 19 
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N-type stars exhibit similar displacements and that the S stars also 
show a progression with period. Some fundamental property 
such as mass or density probably influences both period and 
displacement. 

The decrease of average random velocity with advancing type 
and increasing period is difficult to understand if we make the 
natural assumption that the Me stars continue the main sequence 
of types from B to M. According to this view, there is a great 
increase in velocity in passing from the ordinary M stars to those 
of classes M 2e to Mse and then a decrease for classes M6e to M8e. 
This is so improbable that one can scarcely avoid the conclusion 
that we have to deal with something more complex than a single 
evolutionary sequence of identical objects passing from M8e to K. 
It may well be that individual stars differ in certain properties; e.g., 
mass or chemical composition, or that their cosmical environments 
are not sufficiently uniform to cause all stars to pursue precisely 
the same train of behavior. 

The periods and the random velocities of the S-type stars are 
nearly the same as those of types M7e and M8e, but their spectra 
certainly do not belong at the end of the sequence Mre-M8e. 
Judging from its general appearance, the typical S spectrum more 
nearly corresponds to that of Class Mr or Ma. 

From twenty-five stars of class N, Moore found a mean residual 
velocity of 18.0 km, which is decidedly less than the corresponding 
value for class Me, and somewhat less than that for class Se. The 
solar motion from the N stars does not resemble that from the Me 
stars, so that we may say that radial velocity data do not suggest 
a close connection between variables of classes M and N. 

The average residual radial velocity of the Me stars is nearly 
the same as that of 102 planetary nebulae.? Whether or not this 
fact has any physical significance is a question for the future. 

If the Me variables form a part of the main evolutionary 
sequence, they apparently represent either an initial or a final 
stage; their high velocities, however, make it difficult to consider 

t Lick Observatory Bulletins, 10, 160, 1922. 


2 Publications of the Lick Observatory, 13, 168, 1918 
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them very young stars just beginning their visible careers, while, 
on the other hand, it is very improbable that they are aged and 
highly condensed objects about to sink into obscurity. 

In spite of our very considerable store of data concerning these 
objects, it seems plain that we cannot cope with the fascinating 
problems which they present without securing many more facts 
of various kinds. 

The discussion of the velocity determinations may profitably be 
extended by using the proper motions which, chiefly through 
Wilson’s work,’ are now available for about go of the 133 stars 
having measured radial velocities. It is the intention of Dr. 
Strémberg and the writer to do this in another contribution. 

Mount WILSON OBSERVATORY 

June 1923 


t Astronomical Journal, 34, 183, 1923. 











NOTE ON THE TOTAL SOLAR ECLIPSE OF 
SEPTEMBER 10, 1923 


The total solar eclipse of September 10, 1923, proved a sore 
disappointment to the American astronomers assembled along the 
southwestern coast of our continent. Cloudy conditions, quite 
unusual at the season, prevailed for several hundred miles along 
the track of totality and completely frustrated the extensive 
preparations of most of the expeditions. 

At Puerto Libertad, on the Gulf of California, Professor A. E. 
Douglass, of the University of Arizona, was able to carry out his 
program. 

Near Yerbanis, in the State of Durango, Mexico, were located 
the joint party from the Swarthmore and Allegheny observatories, 
under Professors J. A. Miller and Heber D. Curtis, and the official 
Mexican party, under Sr. J. Gallo, director of the Observatory of 
Tacubaya. In spite of a heavy downpour not long before the 
eclipse, the sky cleared sufficiently for successful observations. 
Not far away was a party of German astronomers, including 
Messrs. H. Ludendorff, R. Schorr, and A. Kohlschuetter, who had 
a clear sky. 

The sky was fairly favorable at Lompoc, northwest of Santa 
Barbara, California, and photographs of the corona were secured, 
but there were few observers in this vicinity on account of the short 
duration of totality. 

Mt. Wilson Observatory had a large party stationed on Point 
Loma, near San Diego. Director W. S. Adams and Dr. C. E. St. 
John were planning to make spectroscopic observations on Mt. 
Wilson, where the eclipse was within 2 per cent of being total, but 
unfavorable sky nullified these plans. 

A party from the McCormick Observatory of the University 
of Virginia, under Professor S. A. Mitchell, had a station at Fort 
Rosecrans, near Point Loma, and also at Lakeside, where the Mt. 
Wilson party had a second station. 

The Lick Observatory had planned an extensive program for 
Ensenada, Mexico, and not far away were the stations of the 
Lowell Observatory and of the observatory of the University of 
Indiana. 

The station of the Yerkes Observatory was situated on Santa 
Catalina Island. The expedition was made possible by the generous 
gift of $5,000 from Mr. William Wrigley, Jr., who holds the principal 
financial interest in the island. The site chosen for the station 
was 1300 feet above the sea, and about three miles from the city 
of Avalon. During the forty days prior to September 1o that the 
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camp had been occupied, the sky was very favorable at the hour 
of the e lipse on thirty five days, and unfavorable on five. being 


completely covered on only two days at o"54™ Pacific Standard 
Time. ‘The elevation of the sun would have been nearly 58°, and 
the conditions as regards wind were very favorable. The program 


included: 

1. Photography ‘of the sun on a large scale with the coelostat as 
used in 1900 and 1918; 

2. The photography of the t 
objective prisms on a motion picture tilm: 


7 
] 
! 


ash spectrum with a train of 


3. The photography of the infra-red flash spectrum on films 
sensitized with dicyanin, a small concave grating being used; 
4. An attempt to measure the rotation of the corona by the use 


of an autocollimating spectrograph supplied with coronal light 
from points east and west of the sun; 

5. The measurement of the brightness of the corona. visually 
with the Hartmann microphotometer, and photographically on 
plates taken with objective-prisms placed over the Zeiss U.-\ 
doublet and over a 6-inch reflector; 

6. The determination of the color temperatur the corona 
with an optical pyrometer; 

7. The photography of the successive stages of the eclipse and 
of the corona, with a Hawkeye lens of 20 inches focus attached to 
a Universal moving picture camera, an image from a standard 


light being impressed upon each picture; 

8. Photography with short-focus camera of the sky around the 
sun; 

g. An autochrome photograph of the corona; 

10. Photography of the shadow bands with a very rapid lens, 
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and with cinematographic cameta; besides various visual observa 
tions of the corona and attendant phenomena with several tele 
scopes 

Among those composing the party of the Yerkes Observatory 
were thirty-seven scientific men and women, including representa 
tives of some twenty-five astronomical observatories and colleges. 
A more detailed account of this expedition will soon appear in 
Popular Astronomy. 

Northwestern and Harvard Universities had instruments 
within Camp Wrigley. Immediately adjacent were the parties 
from the University of Wisconsin, Drake University, and Carleton 
College. 

About twenty-five miles distant, at the “Isthmus” on Catalina 
Island, Professor Frank P. Brackett of Pomona College had estab- 
lished a station, where observations were to be made by a number 
of observers. gE. B. F. 

















